Treadmill Training for Individuals With Parkinson Disease
Gammon M. Earhart, April J. Williams <LEAP> highlights the findings and application of Cochrane reviews and other evidence pertinent to the practice of physical therapy. The Cochrane Library is a respected source of reliable evidence related to health care. Cochrane systematic reviews explore the evidence for and against the effectiveness and appropriateness of interventions-medications, surgery, education, nutrition, exercise-and the evidence for and against the use of diagnostic tests for specific conditions. Cochrane reviews are designed to facilitate the decisions of clinicians, patients, and others in health care by providing a careful review and interpretation of research studies published in the scientific literature. 1 Parkinson disease (PD) affects 1 to 1.5 million people in the United States and is the second most common neurodegenerative disorder behind Alzheimer disease. 2 People with PD must exhibit 2 or more of the following symptoms: rest tremor, rigidity, bradykinesia, and postural instability. 3 Parkinson disease is mainly the result of the degeneration of dopaminergic neurons in the basal ganglia, specifically the substantia nigra pars compacta, and is commonly treated with levodopa, a pharmaceutical intervention. 3 However, as the disease progresses, levodopa becomes less effective at managing symptoms, and additional non-dopaminergic pathways play a role in the debilitating motor symptoms of PD. 3, 4 People with PD often experience increased gait impairments as the disease progresses and symptoms become more severe. 5 Impairments include hypokinesia (decreased step length with decreased speed), decreased coordination, festination (decreased step length with increased cadence), freezing of gait (the inability to produce effective steps at the initiation of gait or the complete cessation of stepping during gait), and difficulty with dual tasking during gait. 6 -8 Coupled with these gait impairments are an increased risk and rate of falling. Increased probability of falls not only increases the risk of injury such as hip fracture, but also affects an individual's independence and ability to interact within the community. Additionally, fear of falling has psychological consequences and can lead to self-isolation and depression. 9 The physical therapist can play an important role in the life of an individual with PD as it becomes clearer how exercise can benefit those with PD. 10 Gait impairments may be related to impaired functioning of the basal ganglia, which are responsible for the internal cueing of the rhythmic movement of gait, as well as other well-learned movements that require little cognitive attention during performance. 6 Auditory cues, such as a metronome or music during dance exercise, and visual cues, such as horizontal lines on a floor, provide external cues that draw cognitive attention to the motor task. Increased attention to the task may help to compensate for the deficiencies associated with internally cued movements. 11 Treadmill training also is thought to provide an external cue to improve gait function in those with PD, although exact mechanisms are debated (eg, somatosensory cue versus visual cue). 12, 13 In addition to Mehrholz and colleagues' Cochrane review, 14 other reviews have reported treadmill training as an effective intervention for those with PD. 13 One advantage of treadmill training is that it is generally accessible, as many physical therapy clinics have at least one treadmill and local fitness centers often have several treadmills. Although it has been reported that treadmill training improves gait function, it is important to consider the safety of treadmill training for those with PD.
Mehrholz et al 14 conducted a Cochrane review to assess the effectiveness of treadmill training in improving gait function of patients with PD. Primary outcomes were walking speed and stride length. Secondary outcomes were cadence and walking distance, as well as the acceptability and safety of treadmill training. The results of the review are summarized in the Appendix.
Take-Home Message
Mehrholz et al 14 . These studies compared treadmill training with all other treatment approaches, and analyses focused on the effects of training on gait parameters measured immediately upon completion of the intervention. Mehrholz et al concluded that treadmill training is safe for and accepted by people with PD, as no adverse events were reported and the use of treadmill training did not increase participant dropout rates. However, most of the studies did not directly report on adverse events or safety. They further concluded that treadmill training can improve gait speed, stride length, and walking distance, with moderate effect sizes, but that treadmill training does not alter cadence among those with mild to moderate PD (see Appendix for details).
The studies varied considerably in terms of number of sessions of treadmill training provided, length of each session, and specific treadmill training parameters used. Most of the studies included no follow-up. The few studies that did include follow-up tracked participants for periods of 1 to 5 months after intervention. The results should be interpreted while keeping in mind the heterogeneity in the interventions delivered, the small number of studies included in the review and their relatively small sample sizes, and the lack of follow-up measures to determine how long gait improvements may last following treadmill training. 17 when assessed on medication at his initial evaluation. Mr. Walker uses a single-point cane for community ambulation.
At initial evaluation, utilizing a GAITRite walkway (CIR Systems Inc, Havertown, Pennsylvania), he had a gait speed of 1.1 m/s, a stride length of 1.21 m, a cadence of 110 steps/ min, and a 6-minute walk distance of 393 m. He also reported freezing of gait and had a score of 10 on the Freezing of Gait Questionnaire (FOGQ), a 6-item scale with scores ranging from 0 to 24, with higher scores indicating greater frequency or duration of freezing episodes. 18, 19 Mr. Walker had a summary score of 43 on the Parkinson's Disease Questionnaire (PDQ-39), 20,21 a PD-specific measure of quality of life (range of scoresϭ0 -100, with higher scores indicating greater negative impact of PD on quality of life). He was referred for physical therapy after reporting a noticeable reduction in gait speed, an increase in frequency of freezing episodes, and increased difficulty ambulating in the community for sustained periods of time. Mr. Walker had no history of cardiovascular or musculoskeletal conditions that would be contraindications for treadmill training.
How do we apply the results of the Cochrane Systematic Review to Mr. Walker? Mr. Walker was similar in many ways to the participants in the studies reviewed by Mehrholz et al 14 in that he had mild to moderate idiopathic PD, did not have dementia, was not depressed, and had no conditions that would contraindicate treadmill training. As such, he appeared to be an appropriate candidate to initiate treadmill training. Mr. Walker completed 20 minutes of treadmill training in the clinic on the day of initial evaluation, walking at the same speed as his preferred overground gait speed. He was able to operate the treadmill controls independently and demonstrated no difficulties with walking safely on the treadmill. He held the handrails at all times and utilized the treadmill safety stop key with the tether and clip. These safety precautions were particularly important, given Mr. Walker's history of freezing of gait and the possibility of freezing episodes occurring during treadmill walking. Mr. Walker's wife also was familiar with the safe operation of the treadmill, and the couple indicated that they had a treadmill at home. Mr. Walker stated that he would like to utilize his treadmill at home.
A visit was made to the Walkers' home to evaluate the treadmill and observe Mr. Walker's use of the device to ensure that he could use it safely. Mrs. Walker also participated in this session and agreed to supervise Mr. Walker's treadmill sessions. Mr. Walker was instructed to walk on his treadmill for 20 minutes per day, 4 or 5 days per week, and gradually build up to 30 minutes per session as tolerated, utilizing a treadmill speed matched to his overground gait speed. Training at preferred overground speed was selected based on recent work suggesting that this may be a more effective approach than higher-intensity treadmill training for people with PD. 22 Mr. Walker was instructed to rest at any time as needed during training sessions. Follow-up visits were made once every 2 weeks and always at the same time of day to reevaluate Mr. Walker's overground gait speed (assessed using a stopwatch to time a 10-m walk) and adjust his treadmill training speed accordingly. He continued to walk 30 minutes per day, 4 to 5 days per week, at his current overground speed for a period of 6 weeks. There were no adverse events associated with his treadmill training.
How well do the outcomes of the intervention provided to Mr. Walker match those suggested by the systematic review? As predicted by the results of the systematic review, Mr. Walker demonstrated increases in walking speed, stride length, and walking distance, but no change in cadence, following the 6-week period of treadmill training. Upon completion of training, Mr. Walker had a gait speed of 1.21 m/s (an increase of 0.11 m/s from the initial evaluation), a stride length of 1.30 m (an increase of 0.1 m), a cadence of 112 steps/min (a change of only 2 steps/min), and a 6-minute walk distance of 464 m (an increase of 71 m). The magnitudes of these changes were generally in keeping with the effect sizes noted in the systematic review and exceeded the minimal clinically important differences for older adults of 0.1 m/s for gait speed and 50 m for the 6-minute walk. 23 Additional measures were: MDS-UPDRS-III score improved to 29 (a 9% change), FOGQ score improved to 7 (a 30% change), and PDQ-39 score improved to 32 (a 25% change). These latter measures were not addressed in the systematic review, but other studies and reviews have shown improvements in motor symptoms and quality of life with treadmill training. 13, 24 There was no change in Hoehn & Yahr stage for Mr. Walker, who remained at stage 2.5 after treadmill training.
Can you apply the results of the systematic review to your own patients?
The systematic review results applied well to Mr. Walker. The review included participants with PD in Hoehn & Yahr stages 1.5 to 3 who were able to walk independently. The common feature of all of the reviewed studies was the use of treadmill training, with or without body weight support, to improve walking performance. The review has several limitations, such as the exclusion of individuals with cognitive impairments, depression, and other conditions that some patients with PD (but not Mr. Walker) may have. As such, the generalizability of these results to all individuals with PD may be limited. The availability of a treadmill for use in training also is a requirement for implementation of an intervention and may be a limiting factor in some settings, although treadmills are widely available in physical therapy clinics and local fitness centers.
What can be advised based on the results of this systematic review?
Based on the results of this systematic review, we can conclude that treadmill training is safe and appropriate for some individuals with mild to moderate PD. These individuals must have the cognitive and physical ability to utilize the treadmill, must understand and use the necessary safety precautions, and have adequate supervision as needed. Treadmill training can be expected to result in improvements in gait speed, stride length, and walking distance. Treadmill training does not appear to influence cadence, but this finding should not be viewed negatively. The maintenance of cadence following treadmill training, in conjunction with increased stride length, results in faster gait speed, which is a positive outcome. The review does not include information to support or refute the effects of treadmill training on other aspects of gait, such as dual task walking and decreased coordination. In addition, treadmill training may not address reduced arm swing, which is commonly seen in people with PD, as arm swing is limited during treadmill training through use of handrails. Furthermore, generalizability of treadmill training may be limited, as the studies that were reviewed excluded individuals with a history of cognitive, depressive, cardiovascular, or orthopedic conditions. With regard to the specific parameters for treadmill training, additional work is warranted to determine the ideal combinations of intensity, frequency, and duration. There are no obvious differences between studies that do and do not utilize body weight support, although use of a harness for safety purposes rather than for body weight support may be useful for some individuals. Finally, more work is needed to determine the durability of the effects of treadmill training and whether the benefits of training are related to the treadmill itself and the cueing it provides 12,25 or whether they are simply related to the amount of walking practice that is afforded through treadmill training. It may be that the external cues provided by the treadmill provide unique benefits that could not be obtained through practice of overground walking. Alternatively, perhaps the cueing provided by the treadmill is not critical, and a similar amount of overground walking practice would yield results comparable to those obtained with treadmill training.
